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Physical/Chemical Limitations

Major engineering advances have already been made in overcom-
ing physical/chemical constraints on in situ bioremediation systems,
particularly in the area of oxygenation. However, certain physical/
chemical elements still significantly affect the microbiological com-
ponent of in situ bioremediation. Of these, the molecular architec-
ture of organic pollutant molecules has the greatest implications.

Size and the extent and type of functional group substitution
dictate the bioavailability and biodegradability of a molecule.
Bioavailability through desorption is greatly reduced by solubility
limitations as well as degree of hydrophobicity, both of which de-
pend on molecular size and functional group substituents. Surfac-
tants may improve bioavailability, but they are of no avail where the
microbial populations lack the catabolic capacity to biodegrade the
molecule(s) of concern.

Another important factor is that single-substance contamination
is rare in most polluted environments. Microbial biodegradation of
multicomponent mixtures is not as well understood as many would
believe. Biodegradation of complex mixtures is often assumed to
occur if the contaminants are known to be biodegradable and sub-
strate interactions are known to be not important. However, at least
two studies involving gasoline (Barker et al., 1987; Wilson et al, 1990)
reported that some BTX (benzene, toluene, xylenes) constituents per-
sisted above regulatory action levels, even after stimulation of
bioremediation by addition of inorganic nutrients and various elec-
tron acceptors. A number of investigators (Alvarez and Vogel, 1991;
Arvin et al., 1989; Bouwer and Capone, 1988) have recognized and
begun to investigate the importance of substrate interactions.

Microbiological Limitations

The unpredictability of biodegradation adds to the importance of
continued research on metabolic processes such as adaptation, cooxidation,
diauxy, catabolite repression, and competitive inhibition. Central re-
quirements of in situ bioremediation are that the contaminants are
biodegradable, that the appropriate microbial populations are present,
and that the microbes are able to thrive. The understanding of meta-
bolic pathways in biodegradation and of the factors that control mi-
crobial populations continues to grow, thus increasing the potential
for bioremediation.

Research into the biodegradation of chlorinated organics illus-
trates the importance of continued microbiological research. Chlori-
nated solvents and many other halogenated compounds (e.g., PCBs)